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SPECIFICATION 

1. Title of Invention 

MOS transistor 

2. Claims 

A MOS transistor having a pair of opposed gate electrodes with a 
semiconductor layer interposed therebetween, characterized in that said semiconductor 
layer is 100 nm or less in thickness, and one of gate insulating layers is thicker than the 
other. 

3. Detailed Description of Invention 

[Field of Industrial Use] 

The present invention relates to a MOS transistor having a pair of gate 
electrodes with a semiconductor layer interposed therebetween. 

[Summary of Invention] 

In the present invention, in a MOS transistor having a pair of gate electrodes 
with a semiconductor layer interposed therebetween, the thickness of the 
semiconductor layer is 100 nm or less and one of the gate insulating layers is thicker 
than the other, thereby, a mobility can be made significantly increased without 
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changing a gate input capacitance. 



[Prior Art] 



In the prior art, in general, as a MOS transistor of this type, a both (dual) gate 
MOS is known, in which a thin film semiconductor layer of about 3000 to 5000 nm is 
interposed between a pair of opposed gate electrodes. 

[Problem to be solved by Invention] 

However, the mobility of the conventional MOS transistor of this type is called 
a surface mobility. As can be seen from the conduction band energy level Ec of the band 
diagram in Fig. 4, the band is bent, the channel as an electron path is localized and 
narrowed at the surface, causing a problem that the mobility uis small due to the 
scattering of electrons on the free path. 

Also, there was a problem that the gate electrode has a large input capacitance 
as compared with one MOS transistor, decreasing the device characteristics. 

The present invention was created in view of these conventional problems and 
is aimed at obtaining a MOS transistor having a large mobility. 

[Means for Solving the Problem] 

In the present invention, a MOS transistor having a pair of opposed gate 
electrodes with a semiconductor layer interposed therebetween has constitutions that 
the thickness of said semiconductor layer is 100 nm or less and one of the gate 
insulating layers is thicker than the other. 



[Effect] 

Since the semiconductor layer is 100 nm or less, due to the mutual action of the 
pair of gate electrodes, the energy level Ec at the conduction band edge of the 
semiconductor layer is lowered and the channel is broadened. As a result, the 
scattering of free electrons on the free path of electrons is reduced and the mobility u of 
the electrons is increased. Also, since one of the gate insulating layers is thicker than 



(JP64-53460) 



2/5 



the other, the input capacitance of one of the gate electrodes is reduced. 
[Embodiment] 

Hereafter, the MOS transistor of the present invention will be explained in 
detail in conduction with the embodiment shown in the figures. 

Fig. 1 shows a schematic cross sectional view of the MOS transistor of this 
embodiment. The reference numeral 1 shows a MOS transistor. In the MOS transistor 
1, a second gate electrode 3 made of polycrystalline silicon (Poly-Si) is over a quartz 
substrate 2. A gate insulating layer 4 made of SiOo is formed on an exposed surface of 
the quartz substrate 2 and the second gate electrode 3. An active layer 5 is formed as 
an ultra thin film (100 nm or less) on the gate insulating layer 4 over the second gate 
electrode 3. An N + impurity is added by ion implantation to both side portions of the 
active layer 5 to form a source region 5 A and a drain region 5B. 

Further, over the active layer 5, a first gate electrode 7 made of polysilicon is 
formed via a gate insulating layer 6. Further, in the present invention, the distance 
between the active layer and the second gate electrode 3 is longer than the distance 
between the active layer 5 and the first gate electrode 7 so that the work function of the 
second gate electrode 3 is set small. Also, the second gate electrode 3 has a longer gate 
length than the first gate electrode 7. 

In addition, the numeral 8 of the drawing is an insulating layer of Si02 as well 
as the gate insulating layer 6, and the numerals 9A and 9B are output electrodes formed 
of aluminum, which are connected to the source region 5A and the drain region 5B, 
respectively. 

As stated above, the thickness of the active layer 5 is made 100 nm or less in 
this embodiment. Thus, it was confirmed that the mobility u was significantly 
increased. 

Fig. 2 shows a graph showing a relation between the film thickness of the 
active layer 5 and the drain current of the MOS transistor of this embodiment. In this 
graph, A is in the case of using only the first gate electrode 7, B is in the case of using 
the second gate electrode 3, and C is in the case of using both of the gate electrodes 7 
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and 3. When the thickness of the active layer 5 is smaller than 100 nm, the drain 
current of the curve C is larger than the sum of the values of the curves A and B. 
Namely, the current is larger than the sum of the respective currents flowing through 
the channel generated in the active layer 5 only by the first gate electrode 7 and flowing 
through the channel generated only by the second gate electrode 3. This means that 
the mobility u is increased due to the interaction of electric fields between both 
electrodes 7 and 3. 

Further, based on the band diagram of Fig. 3, in the MOS transistor of this 
embodiment, the line expressing the energy level Ec at the conduction band edge is 
made close to the Fermi level Ef (shown as a broken line) and made flat, and thus, it is 
shown that the mobility u and the mutual conductance gm are increased. Ei of Figs. 3 
and 4 shows the center of the forbidden band. 

Also, in the above embodiment, the second gate electrode 3 is made more 
distant from the active layer 5 as compared with the first gate electrode 7, and thus, the 
input capacitance is comparable with that of the conventional one having a single gate 
electrode. 

Although the embodiment has been described in the above, various design 
variations are possible. For example, it is possible to increase the mobility u in the 
same way as in the above embodiment even if the distance between the first gate 
electrode 7 and the active layer 5 (the thickness of the gate insulating layer 6) is the 
same as the distance between the second gate electrode 3 and the active layer 5 (the 
thickness of the gate insulting layer 4). 

In addition, the active layer 5 is made of polysilicon in the above embodiment, 
it is of course possible to form with a single crystal one. 

[Effect of Invention] 

As is apparent from the above explanations, in the MOS transistor of the 
present invention, the thickness of the semiconductor layer interposed between a pair of 
electrodes is made 100 nm to achieve effects that it is possible to significantly increase 
the mobility u and a higher speed is expected in LSI or the like. 

Also, the thickness of one of the gate insulating films is made thicker than the 
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other gate insulating film, whereby, an input capacitance of one side is made small and 
the mutual conductance gm can be made small. 



4. Brief Description of Drawings 

Fig. 1 shows a cross section of the MOS transistor of the embodiment of the 
present invention; 

Fig. 2 is a graph showing a relation between the thickness of the active layer 
and the drain current of the embodiment; 

Fig. 3 is a band diagram showing the energy state of the MOS transistor of this 
embodiment; and 

Fig. 4 is a band diagram showing the energy state of the prior art. 

1= MOS transistor, 3 and 7' second and first gate electrodes, 5: active layer 



(JP64-53460) 



5/5 



© B * H *» » /f (J P) @**f¥ffiia^3S 

©&§S#HF&£g (A) - 53460 

©Int.Cl.* IStglJSa^ /fF*3&M# @2£fl 93*64^(1989)3^ 1 B 

H Ot L 29/78 3 0 1 X-8422- 5F 

£S&& |g?9<7)» l (i4l) 



©§kVl<n&fa MOSS 5:/^** 

®# R PS62-209816 
@fctj a B362(1987)8J324B 



@3S 










m 


jfcKM/iiBtta/ii 6 ts 7 §35^ 


V — 






is 


m 


IS 


# 


= * m 


XftftAJIIBttA/U 6T17 §35^ 


V — 






§s 


& 




P 




WSC&&}l\Elt&}\l6 TS 7 5354§- 


y — 






m 


% 




f@ 


m -z 


JRftMMQHbSJII 6 T@ 7 §35^ 


V — 






18 










amojiiis&A/ii 6 rs 7 #35^ 


y — 




®* 


IS 


* 


fir 


ill 


«- — 


JCRSSJIIEEftfiUII 6 TB 7 S35# 


y — 






18 


* 




T 


£ £ 


scsafoajiiiztt&jii 6 t@ 7 ^35-3- 


y — 




©aj 


IP 


A 


V 




1* * # *t 


mcnajinstta/u e ti 7 #35-^ 








m 


A 













H * * 

MOS h =7 S V * 9 

ao-^®y- ?-»*aA«»2f-fc ow^ctftt 

[36 
0 , 



— ttfc, 3 0 0 0 - 5 0 0 OnmRfJ^^Kfifl 
Cfc. iff jJlffiiSy- HMOS h 7 >^XH<l3l«i 

f* A fir it * * ^ <h -5 FSJ 3fl & * ff L -C u . 



-r*. c n c x o * HT<o a & *f * a * 

|J;n, j5tt«5£*2y-H««3 £<DJg<I 
«« 7 © y- h«-to & < a -c;> * . 

V-X«**5A. F Is-f Vff*5 B KBIT* 

5 <E>I* * * I 0 0 amaTKLfc: iici'), 

3S2BQi±, illWoUOS^y-nKfi 
# * Stfef! 5 ©«J9<fc K ^ Y r/«j*£<&80*-fr;* 
t/ 7 7^*4. ;©r774i, Aii3*iy-h 
T3«7<r>* J *J5^/=«^ Btt3*2y-htU«3 

-386 



HBB2364-534GQ (2) 

m t B9(±*3c«0|fcS& MOS h ^ .y J X ^ a> 
RW»fffiiHTr*r»T, # ^ t MOS * 9 > ? X 

on*, sitseziij^iaai/'jjv cpoiy-so 
T?3S2y-fit«3*jertsnT:v^. ttT, 

^^5* 2 St;3t2 V- h**3«>a*Sffi<ctt. 

*. y- n&*a 4 izis tt s % H252y-K« 

SttJB 5 tflSIR ( I OOamCiT) * tt * <fc-J 
^♦ft«l*<tVftAlT., 7 - AH* 5 A ft? F 

y- 6 l r , > <j n vi-tt s 

B0 3liy-K«*7<0 
y - K^«3<D*|£j;9 & 

tl»i:i**Ul'5. 3X 3 «2fctf « 4 Wtcfc 

J3 , Ji£35»«i-*^TIi, SB 2 y - )- *S * 
3*31 r-^tt7i;itttt TffittJBI 5 * £ eo 

t£ L X Vi 5 . 



K »aH*>SE * «t 0 B < L w £ ic J: 0 , 



!-MOS^>;x^ 3. 7 « 3d 2 . 3* 1 



ftax 2 h a ± * $ 




— 387 — 



HHHW 154-53460 (4) 



Si 02 




* 3 a 



— -Si02 



SiOr- 



Ec 
Ei 




-Si02 



a * a 



-388- 



r v ^ siw y^/winFORMJ5/http://www.oniine.p..J=«BANGO32=&FREF=P005&FORMAT=P005&BnL=P 

±xmm<.$T*xy- Opdf) 



**^0g[S1 ]** 77<;KP ) «xt(P005) 2001/04/26 1/ 1 

• s.«t- M aa« ri"t"m M t m s™, » •■*, 

tttSKA 13-000218 V^L- 080 



I P C H01L 29/78 , 301 

Fl HO 1L 29/78 , 301 X H01L 29/78 
JtM 422 (R097) 

ftSA S±3fc (6219 ) ffe(0) 

<£5fc« ( ) [ ] ( 

■awn ( ) isaifiss-* c 
mms causa ) [E62. 8.24] isb[ 
§ssawg» ( ) m*js<&& (00 d fciuss/nigftss 
sewn a§ies%-02) 8. 10. 8] m$mit c ) c 



617N 



) [ 



) 



] ( 

] ( ) 



*S8U! ( 

(A50 m&IJjE, BB62. 10. 29. 

(A131 j&eeaa, ¥ 8. 5. 21. 

(A53 , ¥ 8. 7. 23, 



) c 



(A63 
) (A621 
) (A523 
) (A02 



] 



[ 



( ) 

SS» , K62. 
SSSJifc. ¥ 6. 
*IE* . ¥■ 8. 
Ji&SS. ¥ 8. 10. 8. 



( ) 
] 

] 

8. 24. 14000 
8. 17. 87000 
7. 23. 



2001/04/26 14:16 



